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Received

Cyclodctatetraenyllithium (I) has been converted to bicyclooctate-
trasnyl (II) by coupling in the presemce of cobaltous chloride, and to cyclo-
octatetrasnyl phenyl ketome (III) by reaction with bensoaitrile followed by
hydrolysis of the imtermediate imine. The ketone III was characterised by forms-
tion of & 1:1 complex with silver nitrate, a 2,h-dinitrophenylhydragone, and by
hydrogenation to bomlcyclo&:tm and to l-cyclogctonvl phenyl ketone. Reduction
of III with lithium aluminum hydride formed cyclooctatetraenylphenylcarbimol (V).
Onereaction with phenylmagnesium bramide, the ketons III underwent ring opening
and yielded the scyclic ketone, 1,9-diphenylmona-2,k,6,8-tetraen-l-one (VI) (20%),
identical vith s sample prepared from 7-phenylhepta-2,h,6-trienal and acetophencne.

Further imvestigation of cyclooctatetreenyllithium (I), prepared by

1,2

halogsn-metal interchange from brmocycloScumruu end n-butyllithium,

(1) A. C. Cope amd M. Burg, This Jourmal, Th, 168 (1952).
(2) A. C. Cops, M. Burg and 8. V. Fentom, fbid., Tk, 173 (1952).
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showed the presence as a by product in its preparation of a yellow, crystalline
hydrocarbon that proved to be bicyclooctatetrsenyl (II). By adding e catalytic
amount of cobaltous chloride to an ether solution of I, a 24% yileld of II was

obtained, in a reaction analogous to the coupling of phenyllithium or g-butyl-

lithium in the presence of cobaltous chlorido.’

(3) M. S. Kharesch, D. W. Levis and W. B. Reynols, ibid., 65, 498 (1943).

”n
The structure of II was established by quantitative hydrogenation to bicyclooetyl,

L
vhich was identified by comparison with a sample prepared by a different method,

(8) A. C. Cops and F. A. Hochstein, ibid., T2, 2519 (1950).

I, R=Li
III, R = COCeHg
V, R = CH(0H)CqHs

The reaction of the lithium ccapournd I with bengonitrile at -70°
formed an unstable imine that yielded cycloactstetmnyl phenyl ketone (III)

on hydrolysis (5T% yield overall from bromocyclooctatetraens). The ketone ITI
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was jsclated by distillation as an orange liquid that solidified and melted at
38-39.5* after recrystallization. It formed a crystalline 1:1 complex with

silver nitrate, from which the ketone could be regensrated, and a red 2,k-dinitro-
phenylhydragone. Quantitative hydrogenation of the ketons III in the presence

of 10% palladium on Norit resulted in absorption of six molar equivalents of
hydrogen and formed bensylcyclcx';ctme. Hydrogenation of III in the presence of
14 palladium on calcium carbonate yielded l-cyclogctcnyl phenyl ketone (IV),

vhich was identified by comparison (through the 2,4-dinitrophenylhydrasone) with
a sample prepared from 1-cyc103ctony111th1un2 and bengonitrile. Reduction of
the ketons IIT with lithiuam aluminum hydride yielded cycloSctttetmmrlphonyl—
carbinol (V) (89%), which was characteriged by its infrared spectruw 222d2,3§A§'78
and by quantitative reduction in the presence of palladium on Norit with the

absorption of five molar equivalents of hydrogen, forming bengylcycloOctane.

— COCels

Iv

Since III is a conjugated unsaturated ketone, it could react
vith a Grignard reagent either by addition to the carbonyl group to form a
tertiary alcohol, or by addition to the conjugated system, forming a ketone.
The reaction of III with phenylmagnesium bromide formed a mixture, from which a
yellov crystalline ketone Ca,H; a0 (VI) was isclated in 20% yield. Although
V1 wvas expected to be a phenylcyclogctatrienyl phenyl ketone from its anslysis

and method of preparation, quantitative hydrogenmation in the presence of 1%
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palladium on calcium carbonate resulted 1n absorption of four molar equivalents
of hydrogen, and yielded a saturated liquid ketone (VII), This result excluded
the possibility that VI could be a cyclooctatriene derivative. It also furnished

evidence arguing against a cyclogctu.totmno structure for VI, > because

(5) A phenyleyelooctatetraenyl phenyl ketone might be formed from
the addition product of III and phenylmagnesium dbromide by loss
of the elements of magnesium bromohydride, as phenylcyclooctatetraens
is formed from cycloBctatetrsene and phenyllithium; see A. C. Cope
and M. R. Kinter, This Journai, 73, 3h2k (1951).

most cycloSeta.tetmne derivatives (including the ketone III) absorb three molar
equivalents of hydrogen under these conditions and yleld substituted cyclo'c‘:ctenea'
Further evideace against the formulation of VI as a cyclogctatetmene derivative
was obtained by synthesis of one of the stereoiscwmers of 2-phenylcyc103ctyl
phenyl ketone (VIII) from l-cyclooctenyl phenyl ketone (IV) and phenylmagnesium
bromide; VIII had entirely different properties from the saturated ketone VII

obtained from VI by hydrogenation.

TCOCeBs

Cels (CH2)aCOCeals “ells
VIiI

VIIX

The ultraviolet absorption apectrum of VI (Fig. 1) provided the
essential informetion indicating its structure, for the principal absorption

band occurred at a wave length (A pay, 401 mu, € 54,000), indicating the presence



of & long conjugated system, On this basis it appesared probable that VI was
1,9-diphenylnona-2,4,6,8-tetraen-1-one, formed by ring opening of the enoclate
(I1X) produced by 1,k-addition of phenylmegnesiun bromide to the ketone III.

(3
This supposition was supported by the fact that the melting point reported

(6) r. Straus, Am,, 393, 313 (1912).

for 1,9-diphenylnona-2,4,6,8-tetraen-1-one vas identical with that found for VI.

e
= C-Cells

— Cells

The structure of VI was confirmed by synthesis cof an suthentic sample by con-

densation of 7-phenylhepta-2,4,6-trienal 7 vith acetcphenone. The authentic

(7) M. Xorach and W. Bergmann, J. Org. Chem., y‘t, 113 (1949).

Cells (CHeCH)3CEO + CHaCOCeHs V™5 _  Celis(CHmCH)(COCells
E— VI

sample of VI was shown to be identical with VI obtained from IXI and phenyl-
magnesiun dromide by comparison of melting points and mixed melting points of

the ketone samples and their 2,k-dinitrophenylhydrazones, and by cumpariscn of



6.

the ultraviolet and infrared apectra of VI from the two sources. The saturated
ketone cbtained by hydrogenation of VI accordingly is 1,9-diphenylnonan-9-one
(VII). If the double bondsin VI are all trans, as is probable from the method
of synthesis of the authentic sample, the conversion of III to VI involves re-
arrangement of cis to trans ethylenic linkages if IIT has a boat (cis) configura-
tion.

The formation of VI from the ketone IIJ and phenylmagnesium bromide
is the first case in vhich a reaction of a cyclosctatetmm derivative has deen
observed to result in ring opening with the formation of an acyclic tetraene.
The driving force for the unusual carbon-carbon clouvuée that occurs m;y result
from the stability of the conjugated system of VI compared to the emolste IX,
and the degree to vhich IX is strained by the stereochemical requirements of
the structure.

Study of ring opening reactions of cyclo'c':cutetmna derivatives
1s being continued, as is the ung?fyelosctatotrnenyllithiun for the synthesis of

substituted cyclooctatetrsenes.

Experimental

(8) Melting points are corrected and boiling points are uncorrected.
Ve are indebted to Dr., 5. M, Nagy and his associates for analyses.
Infrared-spectra-—were-deternined-with-a-Betri—DPovdbie-lean—Tatrered

Recording—Spectremster,—Model-By—fitied-with-a—sodiun—ehioride
swbon, Ultraviolet spectra were determined with a Cary Ultraviolet
Recording Spectrophotomster, Model 11 MS, All reactions involving
crganometallic compounds vere carried out under an atmosphere of
dry aitrogen. :
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gicE;oscutgg_n_egl (I1). - To & solution containing 0.038 mole

of p-butyllithium 9 in 90 ml. of dry ether was added 7.00 g. (0.038 mole) of

(9) K. Gilwap, J. A. Beel, C. G. Brennen, M. W. Bullock, G. E. Dumn
and L. S. Miller, This Journal, T1, 1499 (1549).

bmocyelozcutotm 2 in 15 ml. of ether at -65°, After -tirriné for 1 hour
at -70°, 0.25 g. (% mole %) of anhydrous cobaltous chloride was added, the cool-
ing bath was removed, and the mixture wvas stirred at room temperature for 40
hours. It was then poured onto ice, and the ether layer, after washing with

s4 hydrochloric acid and 5% sodium bicarbonate, was dried over sodium sulfate
and concentrated., On cooling, 0.60 x. of bicyclooctatetraenyl (II) was cbtained
as & yellow solid, Short-path distillation of the residual ligquid at 100°

(0.1 m.) yielded an additional 0.35 g. of II and 0.88 g. of an untdentified
orangs oil, xgs 1.5388., The two crops of crude II (0.95 g., 24%) were combined
and recrystallised from ether as shining yellow plates m.p. 125.%-126.5°,

Anal, Calcd. for CyeN,4: C, 93.15; H, 6.84, Foumd: €, 92.87;

H, T.0R.

Eydrogepation of 122 mg. of II in 10 ml. of glacial acetic acid in
the presence of 100 mg. of prereduced platimum oxide catalyst resulted in the
absorption of 1044 of 8 molar equivalents of hydrogen. After separation of
the catalyst, the acetic acid was nsutralized with 15% scdium hydroxide sclution,
and the mixture was extracted with pentane. The extracts were dried over sodium
sulfate and the pentans vas removed. Short-path distillation of the residue
yielded 88 mg. (67%) of bicycloactyl as & colorless oil, n%’ 1.5008, m.p.
10-11°'. A mixed m.p. with a sample prepared by a different method * vhich had
nﬁ’ . 1.4998 was not depressed, and the infrared spectra of the two samples were
identical.
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"
Cyclooctatetraenyl Phenyl Ketone (II;). ~ To a stirred sclution

of n-butyllithium prepared from 15.1 g. of n-butyl bromide amd 1.53 g. of lithium
vire in 110 ml. of dry ether, and cooled to -70° in a Dry Ice-trichlorocethylens
bath, was added 14,2 g, of bronocyclogctntetmnc ! in 15 ml. of dry ether
over a period of 15 minutes. The red mixture was stirred for 1 hour at -70°,
and then 7.95 g. of benzonitrile in 15 ml. of ether was added over a period

of 20 minutes, at a temperature below -65°., The cooling bath vas removed

and vhen the temperature reached 0-20° the mixture was poured onto ice. The
aguecus phase was extracted with two 15-ml. portions of ether, and the

ketinine was extracted rapidly from the combined ether solutions with two
50-ml. and five 30-ml. portions of 5% hydrochloric acid without attempting
careful phase separation. The acid extract was heated on a steam dath for

3% minutes, cooled, and extracted with ether. After drying over magnesium
sulfate, the ether extract was concentrated and distilled through a semi-micro

10
¢olumn, The distillation separated 3.62 g. of a low-boiling fraction con-

(10) c(: ﬁé)oould, Jr., G. Holzman and C. Niemann, Anal. Chem.,20, 361
1548).

sisting of valerophencne (from the reaction of n-butyllithium with bengonitrile)
from 9.15 g. (5T%) of cyclooctatetraenyl phenyl ketone (III), an orange oil, b.p.
96°* (0.06 mm.), npas 1.5930-1.5980, which eventually partially crystalliged.
It was recrystallised from petroleum ether and then melted at 38,0-39.5°.

Anal. Calcd. for CygHyp0: C, 86.48; H, 5.81., Found:

c, 86.51; H, 6.04.

Hydrogenation of 143 mg. of III in 7 ml. of 95% ethanol in the
presence of 150 mg. of 10% palladium on Norit resulted in the absorption of
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984 of 6 molar equivalents of hydrogen. Short-path distillation at 0.1 mm. of
the residue left after separation of the catalyst and removal of the solvent
ylelded 57 mg. of ben:ylcyclogcu.ne , n§5 1.5251, the infrared spectrum

of which was identical with that of an authentic sample u which had n§5 1.52kk .,

———

(11) A. C. Cope and J. E. Krusger, to be published.

The ketone III (213 mg.) also was hydrogenated in 15 ml. of ary
bengene in the presence of 200 mg. of 1% palladium on calcium carbonate, The
reaction wvas interrupted after 3 molar equivalents of hydrogen had been
absorbed, and the catalyst and solvent were removed. Comparison of the infra-
red spectrum of the pule yellow oil (145 mg., %25 1.5548) obtained by short-
path distillaticn of the residus with that of an authentic sample of l-cyclo-
octenyl phenyl kstone (IV) indicated that the reduction product was slightly
impure 1v.

The ispure product was dissolved in ethancl and treated with 2,k.

2
dinitrophenylhydragine rugent.l Since the crude derivative would not

(12) R. L. shriner and R. C. Fuson, "The Systematic Identification
of Organic Compounds®, John Wiley and Sons, Inc., New York,
N. Y., 1548, p. 171.

sclidify, the mixture was diluted with water and extracted with ether. The
ether solution was dried over magnesium sulfate and the ether was removed.

The residue (80 mg.) was dissolved in 1:1 bensene-ligroin and chromatographed
on & 22 x 2-cm. ¢column of 1:1 silicic acid-Supercel which had been washed with

ether followed by ligroin. Development of the chromatogram with 30 ml. of 1:1
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benzene-ligroin gave a broad crange lowver band and two falnt yell.ow bamis. rhe
material obtained by elution of the lower band with ether was yecrystalllzeu
tvice from ethancl-ethyl acetate (including treatment with Darco) and yielied
the 2,4-dinitrophenylhydragone of l-cyclooctenyl phenyl ketone (IV), u.p.
159-161°, and mixed m.p. with an authentic sample described below, 161-162°,

Silver Nitrate Complex of CycloOctatetraenyl Phenyl Ketone, -

To & hot sclution of 1.60 g. of III im 10 ml. of absoclute ethanol was added
1.31 g. of powdered silver nitrate. The solution was heated for 15 minutes,
filtered, and coocled in an ice bath. An oil separated vhich solidified on
scratching, yielding 2.62 g. (90%) of the silver nitrate complex of III as
pale yellov needles, m.p. 120-122° (dec.). One recrystallization from absclute
ethanol raised the m.p. to 121.4-122.0° (dec.)

Anal. Calcd. for C,sH;20.4aN0s: C, 47.63; H, 3.20; Ag, 28.54.

Found: C, 47.68; H, 3.28; Ag, 28.19.

The ketone II1 was regenerated by adding 10 ml. of concentrated
amonium hydroxide with stirring to 1.52 g. of the complex suspended in 30 ml.
of water. The mixture was extracted with ether, the ether extracts were dried
over magnasium sulfate, and the ether was removed. Short-path distillation of
the residue at 0.1 mm. yielded 0.62 g. of analytically pure III, n§5 1.610%, dis 1.095.

The 2,k4-Dinitrophenylhydrazone of Cyclooctatetraenyl Phenyl Ketone

was prepared by adding 2,4-dinitrophenylhydrazine reagent n to III dissolved

in ethancl. The crude derivative was recrystallized from 1l:1 ethanol-ethyl

scetate, ylelding the red 2,L-dinitrophenylhydresone of III, m.p. 178.7-179.8°.
Anal. Calcd. for Cz;M;eNe0q: C, 64.97; H, 4.16; N, 14 M3,
Found: C, 65.11; H, 4.32; N, 14.53.
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l-c;gclogctenxl Phenyl Ketone (g) «~ To a stirred solution of
2

1-cycloBetenyllithium © prepared from 5.00 g. of l-bromocyclooctens and 0.36
g. of lithium wire in 50 ml. of dry ether was added 2.68 g. of benzonitrile in 10
nl. of ether over a period of 20 minutes. The red mixture was stirred for 10
ninutes after addition wvas complete and poured onto ice, The ether layer was
extracted rapidly with four 25-ml. pertions of 5% hydrochloric acid. The
extracts vere heated ox; a stean bath for 4O minutes, cooled, and extracted
vith ether. The ether extracts were dried over sodium sulfate, and the residue
left after removel of the ether was distilled through a semi-micro column,9
vielding %.18 g. (T5%) of l-cyclooctenyl phenyl ketone (IV) as a faintly yellow
oil, b.p. 9%° (0.06 m.), nﬁ’ 1.5620-1.86351. The mid-fractions had nﬁs 1.5630.
Apal. Caled. for C,qH,40: C, 84.07; E, 8.47. Found:
¢, 8%.11; H, 8.53.

The 2,4-Dinitrophenylhydrezone of 1-Cyclooctenyl Phenyl Ketone

vas recrystalliged from ethanol-ethyl acetate (including Darco treatment)
and melted at 161.0-162.3°,
Anal. Calcd. for Cp HpaNeO¢: C, 63.96; H, 5.62; N, 14,21,
Found: C, 63.90; H, 5.67; N, 14.18.

Cyclooctatetrasnylphenylcarbinol (V). - To & stirred suspension

of 0.20 g. of lithium aluminum hydride in 20 ml. of dry ether wvas added a solu-
tion of 2.00 g. of cyclooctatetraenyl phenyl ketone (III) in 10 ml. of ether
over a period of 15 minutes. The mixture was stirred and heated under reflux
for 1 hour and then was hydrolyzed with water and %5/% hydrochloric acid. The

agueocus layer was extracted cnce with ether, and after dryivg over magnesium
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sulfate, the solvent was removed from the combined sther solutions. Short-
path distillation of the residue vith a heating block temperature of 11¢-120°
(0.1 mm.) ylelded 1.80 g. (89%) of cyclooctatetraenylphenylcarbinol (V) as s
viscous yellow oil, n§5 1.5982,

Anal. Calcd. for CygH,40: C, 85.67; B, 6.71. Found: C,

85.76; |, 6.70.

Hydrogenation of V in the presunce of palladiur on Norit under
the conditions described above for III resulted in the absorption of 98.5%
of 5 molar equivalents of hydrogen snd the formaticn of benzylcyclooctane,
identified by comparison of its infrered spectrum with the spsctrum of an
authentic unph.lo

Reaction of III With Phenylmagnesium Bromide. - To a stirred

refluxing solution of phenylmsgnesium bromide prepared from 3.97 g. of
bromobengene and 0.61 g. of magnesium in 30 ml. of ether was added 4,86 g.
of III in 25 ml. of ether over a period of 20 minutes. A soclid formed in
the reaction mixture during the addition. Stirring and heating were continued
for 1 hour and the mixture was then hydrolyzed by the addition of excess saturated
ammonium chloride solution. The aquecus layer was extracted once with ether,
and the combined ether solutions were dried over magnesium sulfate and con-
centrated. Two crops of crude 1,9-diphenylnona-2,4,6,8-tetraene-1-one (V1),
totalling 1.23 g. (20%), were cbtained. Recrystallization from ethanol yielded
VI as yellov needles, m.p. 125.0-126.2°, vhich vas undepressed on admixture with
an authentic sample, described below., This unsaturated ketone was quite sensi-
tive to atmospheric oxygen.
Apal. Calcd. for CeyH,40: C, 88.08; H, 6.33. Founmd: C, 88.08;
B, 6.42.
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The 2,k-Dinitrophenylhydrazone of VI wvas prepared by dissolving

30 mg. of the ketone and 35 mg. of 2,hk-dinitrophenylhydragine in 5 ml. of
boiling ethanol and adding & drop of concentrated hydrochloric acid. The
s0lid cbtained by heating for 5 minutes followed by cooling was recrystalligzed
three times from nitrowethans, ylelding 18 mg. of the dark red 2,4-dinitrophenyl-
hydrazone, m.p. 215.5-216.0°, which was undepressed on admixture with an
authentic sample, described below.

Apal. Calcd. for CprHaaNeO¢: C, 69.50; H, 4.T5; K, 12.00.

round: ¢, 69.17; B, 4.72; N, 12.21,

An authentic sample of VI was obtained dy dissolving 2.00 g.
of 7-phenylhepta-2,4,6-trienal (1x)6 and 1.92 g. of acetophenone in a mixture
of 100 ml. of ethanol and 15 ml. of bengene and adding 5 ml. of 1.3% aqueocus
sodium hydraxide solution. After the mixture stood overnight, 5.0 g. of
a yellow-orange solid, m.p. 121-125} had precipitated. Recrystallization
from ethanol yielded VI as golden-yellov needles, m.p. 124-126°,

The 2,4-dinitrophenylhydrazone of the authentic sample of VI
wvas prepared as described above and melted at 215.5-216.5°, An attempt
to prepare the phenylhydrazone from the ketons by the procedure descridbed by
Straus was unsuccessful.

1,9-Diphenylnonan-1-one (VII). - The ketone VI (199 mg.) was
hydrogenated in 30 ml, of methanol in the presence of 80 mg. of 1% palladium

on calcium carbonate. After 0.5 hour, I molar equivalents of hydrogen had
been taken up and the rate of absorption had greatly decreased. The reaction

was interrupted, the catalyst separated, and the solvent removed. Two short-
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path distillations of the residue yielded 1,9-diphenylnonan-l-one (VII) as an
almost colorless oil, n§5 1.5426,

Anal. Calcd. for Cz Hoe0: C, 85.69; H, 8.90. Found:

c, 8.76; H, 9.17.

The 2,k-Dinitrophenylhydragone of VII was prepared with 2,k-

dinitrcphenylhydragine and a drop of concentrated hydrochloric acid in ethancl.
Since it was not easily purified by recrystallization, the crude derivative

(87 mg.) was dissolved in 2 ml. of 1:1 bengene-ligroin and placed on a 25 x 1.8-
cm. column of 1:1 silicic acid-Supercel vhich had been washed with ether followed
by ligroin. Development of the chromatogram with 45 ml. of 1:1 bensene-

ligroin gave a 5-mm. top band of 2,4-dinitrophenylhydragzine, a 15-mm. orange
middle band, and a 100-mm. diffuse orange lower bani. The material cbtained

by elution of the lower band with eiher was recrystallized three times from
ethanol-ethyl acetate and yielded 24 mg. of the 2,4-dinitrcphenylhydragcne of
1,9-diphenylnonan-l-one, m.p. 114.3-115,1°,

Anal. Calcd. for CarHaoNeOe: C, 68.32; H, 6.37; N, 11.80.

Found: C, 63.36; B, 6.25; N, 11.68.

Recrystallization from ethancl-ethyl acetate of the material
eluted from the middle band of the chromatogram with ether gave a very small
amcunt of an orange solid, m.p. 243-245° (presumadbly a 2,4-dinitrophenyl-
hydragsone) vhich was nct investigated further.

2-Phenylcyclooctyl Phenyl Ketone (VIII). - To a stirred reflux-

ing solution of phenylmagnesium bromide prepared from 6.21 g. of bromobengene
and 0.95 g. of magnesium in 40 ml. of ether was added 7.50 g. of l-cyclooctenyl

phenyl ketone (IV) 1in 40 ml. of ether cver a period of 1 hour. The mixture,
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containing a vhite solid, was stirred and hested for 0.5 hour, and then enough
saturated ammonium chloride solution was added to precipitate the magnesium
salts. The ether solution was decanted and the residue vas vashed with ether,
Sublimation at 0.1 mm. of the residue left after removal of the ether yielded
8.10 g. (79%) of 2-phenylcyclooctyl phenyl ketone (VIII) which formed long
colorless needles, m.p. 136.%-137.8°, on recrystallization from ethancl.

Anal. Caled. for CaHpe0: C, 86.26; H, 8.27. Found:

c, 85.93; 1, 8,23.

The infrered gpectrum of VIII indicated clearly the presence of
a carbonyl group (band at 5.92 4), but the ketone did not form & 2,k-
dinitrophenylhydrasons or semicarbasonse under the usual conditions.
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